Cell fractionations were carried out as previously described (S6) . The starting material for fractionation was 500 ml of cultures of the different S. Typhimurium strains grown under SPI-1 T3SS-inducing conditions. Bacterial cells were lysed by French pressure cell press. The lysate was first clarified by low-speed centrifugation and crude membranes were precipitated at 235,000 x g for 1 h. The precipitated membranes were resuspended in 1.75 ml of buffer M (50 mM TEA, 1 mM EDTA, pH 7.5) and loaded on top of a 25-50 % (w/w) continuous sucrose gradient prepared on a Biocomp Gradient Station (Fredericton, NB, Canada). The gradient was centrifuged to equilibrium at 285,000 x g for 13 h. Fractions (~1.1 ml) were collected using the Biocomp Gradient Station or fractions corresponding to the inner membrane fraction were manually collected using a syringe and needle. Protein concentration in the fractions was measured using a BCA Protein Assay Kit from Pierce (Rockford, IL, USA). In each fractionation whole cell lysates and culture supernatants of the different strains were analyzed for protein expression and phenotype verification.
SpaO extraction from high-speed pellet fractions
Sucrose fractions containing 250 µg of protein were spun down at 253,838 x g in a Sorvall S120-AT2 mini-ultracentrifuge rotor for 45 min. Pellets were resuspended in phosphate-buffered saline (PBS), 1 M NaCl, 100 mM Na2CO3 (pH 11.0), or 0.5% Triton X-100. After 1 hour incubation at 4ºC, samples were subjected again to high-speed ultracentrifugation. The supernatant fractions containing extracted proteins were transferred to a fresh tube and the pellets were resuspended in the same volume of PBS. Same volume of supernatant and pellet fractions was loaded on an SDS-PAGE gel and the amount of SpaO was determined by anti-FLAG Western blot.
Blue native-polyacrylamide gel electrophoresis
Blue native-polyacrylamide gel electrophoresis (BN-PAGE) was carried out as described previously (S7) using 3-12% gradient gels from NativePAGE Novex Bis-Tris Gel System (Invitrogen, Carlsband, CA, USA). Briefly, sucrose fractions (fractions 5 to 8) containing 100 µg of protein were precipitated at 253,838 x g in a Sorvall S120-AT2 miniultracentrifuge rotor for 45 min. Precipitated membranes were resuspended in 85 µl of BN resuspension buffer ACA750 (750 mM amino caproic acid, 50 mM Bis-Tris pH 7.0). Five µl of 10% (w/v) DDM solution were added to the membrane preparation. Samples were then incubated for 1 h at 4º C mixing at 1,400 rpm on an Eppendorf Thermomixer R (Hamburg, Germany). Finally, 10 µl of a 5% G250 solution (5% w/v Serva Blue G in 500 mM ACA) were added to each sample. Twenty µl (20 µg of protein) were loaded per lane on a 2.5-12% gradient gel. 2D BN-PAGE was performed as described (S8) using a 2.5-12% gradient gel in the first dimension and a 10% Tricine SDS-PAGE, respectively, in the second dimension. For Western blotting proteins were transferred onto PVDF membranes using the XCell II Blot Module (Invitrogen, Carlsband, CA, USA). 3xFLAG-tagged proteins were visualized using mouse anti-FLAG M2 primary antibodies followed by anti-mouse DyLight 800 conjugated antibodies. SipB, SipC and SptP were visualized using mouse monoclonal primary antibodies and anti-mouse DyLight 800 conjugated antibodies. M45-tagged proteins were visualized using M45 monoclonal antibodies (S9) followed by anti-mouse DyLight 800 conjugated antibodies. As loading controls, all Western blots were probed for the needle complex with a polyclonal serum raised in rabbits (S10) followed by anti-rabbit DyLight 680 conjugated secondary antibodies. The membranes were then visualized using an Odyssey infrared imaging system (LI-COR Biosciences, Lincoln, Nebraska, USA).
Immunoprecipitation of SpaO-interacting proteins
Strains used in these experiments had a flagellar mutation (flhD::Tn10) and carried a plasmid expressing hilA, a transcriptional regulator of the SPI-1 T3SS, under the control of the arabinose promoter to increase expression of this system (S11). The starting material for the immunoprecipitation (IP) was 750 ml of S. Typhimurium culture grown in L broth containing 0.3 M NaCl and 0.05% arabinose (to induce the expression of the plasmid-encoded hilA) to stimulate expression of the SPI-1 T3SS. Bacterial cells were precipitated at 6,000 rpm, washed once in 25 ml of TBS, resuspended in 10 ml of TBS supplemented with protease inhibitors, 0.5 mM MgSO 4 and 10 µg/ml DNase, and lysed through a French pressure cell press. Debris was removed by low speed centrifugation and immunoprecipitation of 3xF-SpaO was performed using anti-FLAG M2 affinity gel following the manufacturer recommendations. Bound proteins were eluted by acid elution with ten 1 ml aliquots of 0.1 M glycine HCL, pH 3.5. All the elutions were pooled and proteins were concentrated by Trichloroacetic acid (TCA) precipitation. Precipitated proteins were loaded on a 15% SDS-PAGE gel and stained with colloidal coomassie. For 2D-BN analysis, the SpaO complex was immuno-precipitated from isolated sucrose fractions as follows. The fractionation of SB1926 (pSB3293) was carried as described above with the following modifications: the starting material was 2 litters of the strain grown in L broth containing 0.3 M NaCl and 0.1% arabinose (to induce expression of hilA from the plasmid) under low aeration to induce maximal expression of the SPI-1 encoded T3SS. The 2 litters were processed at once and then divided into two sucrose gradients. Relevant fractions from both gradients were pooled and the protein concentration was measured. The samples were diluted using 1xM buffer (50 mM TEA, 1 mM EDTA, pH 7.5) to ~3 mg/ml, and DDM was added to a final concentration of 1% to dissolve bacterial membranes. Complexes were incubated overnight in the presence of protein inhibitors with 100 µl of anti-FLAG M2 affinity gel, at 4ºC under rocking conditions. After O/N incubation, the beads were washed 3x for 15 minutes with 1ml of 1xM buffer containing 1% DDM. After the final wash the beads were resuspended in 100 µl of BN resuspension buffer (750mM ACA, 1% DDM, 50mM Bis-Tris pH 7.0) containing 150 ng/µl of 3xFlag peptide. Resuspended beads were shaken at 1400 rpm at 4ºC for 1 hour, after which the beads were pelleted at full speed and the supernatant was carefully transferred to a clean tube. Serva G-250 was added to a final concentration of 0.5% and the whole sample was loaded on a 2.5-12% native gel. The second dimension was run on a 10% Tricine-SDS gel, proteins were visualized using colloidal Coomassie stain, and relevant band were cut and processed for LC-MS/MS identification as described below.
Identification of SpaO complex by mass spectrometry
Stained protein bands were excised from SDS-PAGE gels and in-gel digestion by trypsin was performed. Extracted peptide samples were analyzed by LC-MS/MS for protein identification. Nanoflow reverse-phase LC separation was carried out on a Proxeon EASY-nLC System (Thermo Scientific). The capillary column (75 µm × 150 mm, PICOFRIT, New Objective, Woburn, MA) was packed in-house. The mobile phase was comprised of solvent A (97% H 2 O, 3% acetonitrile, and 0.1 % formic acid)) and solvent B (100% acetonitrile and 0.1 % formic acid). The LC separation was carried out with the following gradient: solvent B was started at 7% for 3 min, and then raised to 35% in 40 min; subsequently, solvent B was rapidly increased to 90% in 2 min and maintained for 10 min before 100% solvent A was used for column equilibration. At the moment when peptides were eluted from the capillary column, they were electrosprayed directly onto a linear ion trap mass spectrometer (LTQ Velos, Thermo Scientific) for MS/MS analysis. A data-dependent mode was enabled for peptide fragmentation. One full MS scan was followed by fragmentation of the top 10 most intense ions by collision-induced dissociation (CID). Dynamic exclusion was enabled to preclude repeated analyses of the same precursor ions. All raw data were processed and searched against the Salmonella database using MASCOT (Matrix Science Ltd., London, UK). The resulting peptide and protein assignments were filtered to keep only those identifications with scores above extensive homology. Protein relative abundance was assessed using a spectral counting method (S12). Figure S1 : Analysis of SpaO interacting proteins. Cell lysates of wild-type S. Typhimurium (indicated in B as "control") or an isogenic strain expressing FLAGepitope tagged SpaO (indicated in B as "SpaO FLAG ") were immunoprecipitated with an anti-FLAG antibody, separated by SDS-PAGE (15% acrylamide), stained by colloidal coomassie (B), and interacting proteins were identified by LC-MS/MS (A). The different regions of the gel (as numbered in panel B) were analyzed separately as indicated in panel A. A fraction of the immunoprecipitated materials (IP) and remaining supernatant fraction (post-IP) were separated by SDS-PAGE (10% acrylamide) and analyzed by western blot for the presence of SpaO with an anti FLAG monoclonal antibody (shown on panel C). Note that SpaO was not only detected at its expected molecular weight but also as part of a large molecular weight complex apparently incompletely dissociated by the denaturing buffer. Consequently, SpaO and interacting proteins were also detected by mass spectrometric analysis in gel regions not corresponding to their actual molecular weights (see panel A). Only proteins related to the SPI-1 T3SS are shown. Figure S2 : Analysis of the SpaO complex by two-dimensional blue native gel electrophoresis. The high-speed pelletable fraction of cell lysates of wild-type S. Typhimurium expressing FLAG-epitope tagged SpaO was further fractionated by sucrose gradient centrifugation. Relevant sucrose gradient fractions were pooled and the FLAGtagged SpaO complexes were immunoprecipitated with an antibody directed to the FLAG epitope. The immunoprecipitated complex was treated with DDM to solubilized membranes and separated by 2D BN-PAGE. Proteins from the indicated spots (by number) were identified by LC-MS/MS. The identity of the proteins in each of the spots is depicted in the accompanying Table below . Identified proteins that are associated with the SPI-1 T3SS are indicated in bold. Figure S3 : SpaO forms a large molecular weight complex in the absence of OrgA, OrgB, or InvC. Whole cell lysate of wild type S. Typhimurium or the isogenic ∆orgA, ∆orgB, or ∆invC, all expressing functional FLAG-epitope tagged SpaO, were separated into soluble and insoluble fractions by high-speed centrifugation. Pellet fractions were subsequently applied to a sucrose gradient, relevant fractions pooled, separated by BN-PAGE, and analyzed by western blot for the presence of SpaO or the needle complex (see Supplementary Methods for further details). The simultaneous detection of SpaO (green) and the needle complexes (red) is shown in the color panel while only the detection of SpaO is shown on the right panel. Figure S4 : Model for protein sorting to determine the order of secretion in T3SSs. SpaO, OrgA, and OrgB exist both in an uncomplexed, state and as part of a large molecular weight complex that serves as "sorting platform" and is presumably associated to the needle complex and associated export apparatus (notice, however, that formation of the complex does not require the presence of the needle complex and associated export apparatus). Initially, the sorting platform engages proteins destined to form the needle and inner rod substructures (1). Once the needle is fully assembled, the sorting platform engages the protein translocases (2), and later the effector proteins (3), which are then delivered into the host cell (4). The data cannot distinguish between a model in which the platform assembles and disassembles in the cytosol when changing substrates or whether substrates are engaged by an already assembled platform at the bacterial membrane. The presence of a significant amount of uncomplexed (i. e. non pelletable) components of the platform indicates that both models are formally possible. Figure S8 : Functionality of FLAG epitope-tagged SpaO. Whole cell lysates and culture supernatants of wild type S. Typhimurium or isogenic derivative strains expressing either carboxy or amino terminally tagged SpaO (from its natural chromosomal context) were analyzed by Western blotting for the presence of epitope-tagged SpaO, and the type III secreted proteins SipB and SipC. All experiments described in the paper were conducted with SpaO tagged at its N-terminus since it proved to be functionally identical to wild type.
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